The rapidity dependence of two-particle momentum correlations can be used to probe the viscosity 10 of the liquid produced in heavy nuclei collisions at RHIC. We reexamine this probe in light of 
the measured correlations, particularly their azimuthal dependence. It is thus of interest to extend the work of these 23 authors and consider predictions of NEXSPHERIO for transverse momentum two-particle correlations.
24
The NEXSPHERIO model, the correlation observable of interest, and the analysis technique used in this work are 
II. NEXSPHERIO MODEL AND ANALYSIS TECHNIQUE

27
NEXSPHERIO [40, 41] combines the event generator NEXUS [42] and the hydrodynamical code SPHERIO [43] to 28 simulate particle production in A + A collisions. NEXUS provides for initial parton-parton interactions and energy 29 deposition with lumpy initial conditions (ICs) specified in terms of number density, energy density and baryon density.
30
SPHERIO is then used to simulate the hydrodynamical evolution in each NEXUS event, i.e thereby including the 31 effect of IC fluctuations in the production of collective flow patterns and correlated particle production. Indeed, the 32 recent studies with NEXSPHERIO show that hydrodynamic expansion of fluctuating ICs lead to the formation of 33 near-side ridge-like structure in ∆η vs. ∆φ correlation functions [27] while, by contrast, smooth initial conditions 34 do not feature any near-side ridge-like structures. Furthermore, an interesting interpretation of the origin of the 35 away-side double peaked structure of the two particle correlation function was also discussed in the context of the 36 NEXSPHERIO lumpy initial condition in reference [44] .
37
The transverse momentum two-particle correlation C depends at a basic level on particle number fluctuations and 38 should therefore exhibit the formation of a ridge, in NEXSPHERIO, for central collisions with lumpy initial conditions.
39
C also depends on actual momentum-momentum correlations. Its magnitude and dependence on ∆η vs. ∆φ should 40 thus also be influenced by radial hydrodynamical flow brought about by lumpy initial density conditions. However, 41 given SPHERIO is built as an ideal hydrodynamical transport code, there should be no viscous effects: no broadening 42 of the correlation function should arise with increasing collision centrality. Any change in the correlation function 43 profile and width should be due solely to viscous free expansion dynamics.
44
Our analysis is based on a total of 500,000 simulated Au + Au collisions events at √ s N N = 200 GeV produced with
45
NEXSPHERIO [27] . Events were grouped in four collision centrality classes corresponding to 0-10% (most central), 20-
46
30%, 40-60% and 60-80% (most peripheral) fractions of the total reaction cross-section. Modeling nuclear collisions in ideal hydrodynamics is limited to low p T (≤ 2.0 GeV/c) because it is generally assumed that the equilibrium description 48 fails at high p T , where particle production may be dominated by hard processes. We therefore focus our analysis 49 on bulk particles, i.e. particles produced in the range p T < 2.0 GeV/c. This momentum selection is used for both 50 particles in constructing the two particle correlation function R 2 , and the momentum dependent correlation function, differences of particle pairs. These correlation functions are defined as follows:
where ρ 1 = dN 1 /dp T dηdφ and ρ 2 = dN 2 /dp t,1 dη 1 dφ 1 dp t,2 dη 2 dφ 2 correspond to single and two-particle densities, 4 respectively; p t k ≡ p t,i k / n k is the average particle momentum. The label k=1,2 stands for particles being 5 detected at (p t,k , η k , φ k ), and the brackets represent event ensemble averages. The integrals are taken over 2π az-6 imuth and in the same pseudorapidity range for both particles. The delta functions are used to restrict correlation 7 yield contributions to relative azimuthal angle and pseudorapidity differences only. The observable R 2 measures the 8 correlation between the number of particles emitted at relative pseudorapidity ∆η and azimuthal angle difference ∆φ.
9
It is a robust observable and is expected to scale inversely to the number of correlated particle sources in the absence 10 of collective effects and rescattering of secondaries. The observable C amounts to a differential version of the integral 11 correlation used by authors of [11] . It is sensitive not only to the degree of correlation between produced particles but 12 to the hardness of particle spectra, and correlations between the momentum of particles.
13
III. RESULTS
14
We present, in explicit dependence on the particle momenta, one expects measurements of this variable should provide additional 1 constraints for theoretical models. We further observe that the away-side ridge-like feature evolves significantly from 2 a broad structure at ∆η ∼ 0 in most peripheral collisions to a saddle-like shape with a minimum located at ∆η ∼ 0 3 in the most central collisions. longitudinal width of the near-side peak should be essentially unaffected by the production of the near-side ridge. We Fit results are presented in Table I and II for observable R 2 and C respectively. We first observe that the near-side 15 peak amplitude of both observables decreases monotonically with increasing collision centrality. We also observe the Table I 8 and II. They are found to be in agreement, within statistical errors, with the widths, σ, obtained from the fits. addition, the smaller value of RMS observed in the STAR peripheral data could in part be due to contributions from 16 jet particles that will yield a narrower correlation function.
17
We thus find that while NEXSPHERIO qualitatively reproduces the azimuthal modulation and near-side ridge 18 observed in experimental data it predicts a narrowing rather than the observed longitudinal broadening of the cor- This narrowing effect of transverse flow on rapidity correlations was first discussed in [47, 48] . The narrowing found here is rather modest, however, amounting to approximately 0.13 units of rapidity.
1
To understand why NEXSPHERIO fails to describe the measured broadening, we ask how broadening may arise 2 in general. In Ref.
[11], it was predicted that viscous diffusion can produce a considerable longitudinal broadening 3 of the momentum current correlation function C. The idea is that viscous friction acts to reduce the difference in principle, rapidity broadening can also result if the particle production mechanism varies appropriately with centrality.
7
We speculate that NEXSPHERIO fails to reproduce the measured broadening because neither effects are included. can thus be neglected, to first order, in the extraction of the fluid viscosity based on STAR data.
22
IV. CONCLUSIONS
23
In summary, we presented a study of the centrality dependence of the correlation functions R 2 and C in Au + Au 24 collisions at √ s N N = 200 GeV based on the NEXSPHERIO model. We find the two observables exhibit qualitatively 25 similar shapes in ∆η and ∆φ, and dependence on collision centrality. Quantitative differences however arise from 26 the explicit dependence of C on particle momenta. We find that both observables exhibit a near-side ridge in central 27 collisions owing to event-by-event fluctuations in the initial transverse energy deposition profile. We studied near-side 28 projections of the near-side (|∆φ| < 1.0 radians) of these correlation functions and studied their evolution with collision 29 centrality. We found the longitudinal width of C exhibits a small decrease with increasing collision centrality owing to 30 radial expansion dynamics. 
